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BANDWIDTH CONTROL DEVICE, 
COMPUTER READABLE RECORDING 
MEDIUM STORING PROGRAM AND 

METHOD OF CONTROLLING BANDWIDTH 
CONTROL DEVICE 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a bandwidth control 
device, a computer readable recording medium storing a pro 
gram which are suitable for use in a packet communication 
network, and a method of controlling the bandwidth control 
device. 
[0002] In a packet communication network, the limitation 
of a communication bandwidth is set to the interface of a 
terminal itself which is connected to the communication net 
work. Moreover, a packet to be transmitted through the ter 
minal is classi?ed into any of a plurality of classes (for 
example, the uses of a packet) and the communication band 
width is limited to a predetermined maximum value or less for 
each class or a communication bandwidth having a predeter 
mined guaranteed bandwidth or more is maintained in many 
cases. For example, in Patent Document 1, there has been 
disclosed a technique for transmitting a packet while limiting 
a bandwidth for a plurality of classes. In the same document, 
?rst of all, a packet queue (the list of a packet to be transmitted 
sequentially) is created for each class of the packet. When a 
new packet is generated, a transmission scheduling time is 
determined corresponding to a class belonging to the same 
packet and the packet is added to the packet queue of the class 
together with the transmission scheduling time. Moreover, a 
prior transmission reserving queue and a non-prior transmis 
sion reserving queue which are shared by all of the classes are 
created and a packet output from each packet queue is sorted 
in order of a transmission scheduling time in the prior (or 
non-prior) transmission reserving queue. The packet stored in 
the prior transmission reserving queue is sequentially trans 
mitted in order of the transmission scheduling time. 
[0003] Patent Document 1: JP-A-2002-368799 Publication 
[0004] According to the technique described in the Patent 
Document 1, however, each packet is transmitted after it is 
stored in two stages, that is, a packet queue for each class and 
a prior (or non-prior) transmission reserving queue. For this 
reason, there is a problem in that a memory capacity to be 
mounted on a terminal is increased and a control becomes 
complicated. Furthermore, there is a problem in that the limit 
value of the communication bandwidth of the whole interface 
of a terminal cannot be speci?ed in the technique. More 
speci?cally, the limit value of the communication bandwidth 
of the whole interface is equal to the sum of the limit value of 
a communication bandwidth for each class. If the communi 
cation bandwidth of the whole interface is to be set to have a 
smaller value than the sum, it is necessary to further provide 
bandwidth control means for a leaky bucket in the latter stage 
of the prior (or non-prior) transmission reserving queue, and 
a required memory capacity is increased still more and a 
control becomes complicated still more. 

SUMMARY OF THE INVENTION 

[0005] In consideration of the circumstances, it is an object 
of the invention to provide a bandwidth control device and a 
program which can give a bandwidth guarantee and a band 
width limitation for each of classes while controlling a 
memory capacity and can limit the communication band 
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width of the whole interface of a terminal independent of the 
bandwidth limitation of each class. 

[0006] In order to solve the problems, the invention is char 
acteriZed by the following structures. The designations in 
parentheses are illustrative. 

[0007] A ?rst aspect of the invention is directed to a band 
width control device for limiting or guaranteeing a bandwidth 
for each of classes when transmitting a packet belonging to 
any of the classes to a communication network, comprising a 
?rst register (32) for storing an interface limiting time (IRL) 
to be the earliest time at which a packet can be subsequently 
transmitted from a transmitting device for transmitting a 
packet to the communication network in order to control a 
communication bandwidth of the transmitting device to be 
equal to or smaller than an allowable bandwidth (Ls) permit 
ted for the transmitting device, a second register (42-m) 
provided for each of the classes and serving to store a class 
limiting time (RL-m) to be the earliest time at which a packet 
of a corresponding class can be subsequently transmitted in 
order to control a communication bandwidth of the class to be 
equal to or smaller than an allowable bandwidth of the class, 
a third register (44-m) provided for each of the classes and 
serving to store a class guarantee time (RG-m) to be a ?nal 
time at which a packet of a corresponding class is to be 
subsequently transmitted in order to give the class a commu 
nication bandwidth which is equal to or greater than a guar 
antee bandwidth of the class, class determining means (SP30 
to SP46) for determining, as a transmitting object class, a 
class from which a packet is to be transmitted based on the 
class limiting time (RL-m) and the class guarantee time 
(RG-m) in each of the classes, transmitting means (14, SP48) 
for transmitting a packet belonging to the transmitting object 
class, and recalculating means (SP50) for recalculating the 
interface limiting time (IRL), the class limiting time (RL-m) 
of the transmitting object class, and the class guarantee time 
(RG-m) of the transmitting object class based on a data 
volume of the packet belonging to the transmitting object 
class and storing results of the recalculation in the ?rst to third 
registers. 
[0008] Referring to a structure according to a second aspect 
of the invention, moreover, in the bandwidth control device 
according to the ?rst aspect of the invention, the class deter 
mining means (SP30 to SP46) determines, as the transmitting 
object class, any of the classes having the class guarantee time 
(RG-m) delayed from a current time (SC) which is detected 
irrespective of the interface limiting time (IRL) when the 
same class is detected (a decision of “NO” is obtained at 
SP34), and determines, as the transmitting object class, any of 
the classes having the earliest class guarantee time (RG-m) 
from the classes which have packets to be transmitted (FL 
mIl) and in which the current time does not reach the class 
limiting time (RL-m) on a condition that the current time 
(SC) exceeds the interface limiting time (IRL) when there is 
no class in which the class guarantee time (RG-m) is delayed 
from the current time (SC) (the decision of “NO” is obtained 
at the SP34). 
[0009] Furthermore, a third aspect of the invention is 
directed to a bandwidth control program to be executed by a 
processing device in order to limit or guarantee a bandwidth 
for each of classes when transmitting a packet belonging to 
any of the classes to a communication network, comprising a 
?rst reading step (SP36) of reading, from a ?rst register (32), 
an interface limiting time (IRL) to be the earliest time at 
which a packet can be subsequently transmitted from a trans 
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mitting device for transmitting a packet to the communication 
network in order to control a communication bandwidth of 
the transmitting device to be equal to or smaller than an 
allowable bandwidth (Ls) permitted for the transmitting 
device, a second reading step (SP44) of reading a class lim 
iting time (RL-m) to be the earliest time at which a packet of 
a corresponding class can be subsequently transmitted from a 
second register (42-m) provided for each of the classes in 
order to control a communication bandwidth of the class to be 
equal to or smaller than an allowable bandwidth of the class, 
a third reading step (SP30, SP38) of reading a class guarantee 
time (RG-m) to be a ?nal time at which a packet of a corre 
sponding class is to be subsequently transmitted from a third 
register (44-m) provided for each of the classes in order to 
give the class a communication bandwidth which is equal to 
or greater than a guarantee bandwidth of the class, a class 
determining step (SP30 to SP46) of determining, as a trans 
mitting object class, a class from which a packet is to be 
transmitted based on the class limiting time (RL-m) and the 
class guarantee time (RG-m) in each of the classes, a trans 
mitting step (SP48) of transmitting a packet belonging to the 
transmitting object class, and a step of executing recalculat 
ing means (SP50) for recalculating the interface limiting time 
(IRL), the class limiting time (RL-m) of the transmitting 
object class and the class guarantee time (RG-m) of the 
transmitting object class based on a data volume of the packet 
belonging to the transmitting object class and storing results 
of the recalculation in the ?rst to third registers. 

[0010] Referring to a structure according to a fourth aspect 
of the invention, moreover, in the program according to the 
third aspect of the invention, the class determining step (SP30 
to SP46) determines, as the transmitting object class, any of 
the classes having the class guarantee time (RG-m) delayed 
from a current time (SC) which is detected irrespective of the 
interface limiting time (IRL) when the same class is detected 
(a decision of “NO” is obtained at SP34), and determines, as 
the transmitting object class, any of the classes having the 
earliest class guarantee time (RG-m) from the classes which 
have packets to be transmitted (FL—m:l) and in which the 
current time does not reach the class limiting time (RL-m) on 
a condition that the current time (SC) exceeds the interface 
limiting time (IRL) when there is no class in which the class 
guarantee time (RG-m) is delayed from the current time (SC) 
(the decision of “NO” is obtained at the SP34). 

[0011] According to the invention, thus, one class from 
which a packet is to be transmitted is determined as a trans 
mitting object class and a packet belonging to the transmitting 
object class is transmitted based on the class limiting time and 
the class guarantee time of each class, and furthermore, the 
interface limitation time, the class limitation time of the trans 
mitting object class and the class guarantee time of the trans 
mitting object class are recalculated based on the data volume 
of the packet belonging to the transmitting object class. 
Therefore, it is not necessary to provide a packet queue over 
a plurality of stages, and it is possible to give a bandwidth 
guarantee and a bandwidth limitation for each of the classes 
while controlling a memory capacity. Furthermore, it is pos 
sible to set an interface limitation time independent of the 
class guarantee time and the class limitation time of each 
class. Therefore, it is possible to control the communication 
bandwidth of a whole terminal within an optional allowable 
bandwidth. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] FIG. 1 is a block diagram showing a router device 
100 according to an example of the invention, 
[0013] FIG. 2 is a diagram showing a data structure accord 
ing to the example, 
[0014] FIG. 3 is a ?owchart showing an IP packet receiving 
routine, 
[0015] FIG. 4 is a ?owchart showing a transmitting sched 
ule interruption processing routine, and 
[0016] FIGS. 5A-C are timing charts showing the example. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0017] 1. Hardware Structure according to Example 
[0018] Next, the structure of a router device according to an 
example of the invention will be described with reference to 
FIG. 1. 
[0019] In FIG. 1, 100 denotes a router device according to 
the example, and a CPU 2 provided therein controls each 
portion in the router device 100 through a bus 10 based on a 
control program stored in a ?ash memory 4. 6 denotes an 
RAM which is used as a work memory for the CPU 2. 8 
denotes a timer which times a current time and generates a 
timer interruption for the CPU 2 if necessary. 12 denotes a 
LAN interface which is connected to a local area network 
(LAN) which is not shown. A Web server or a client computer 
is connected to the LAN if necessary. 14 denotes a WAN 
interface which is connected to an internet 26 through a 
modem 24. 16 denotes a VoIP (Voice over IP) adaptor which 
converts, into an IP packet, a voice signal and a control signal 
which are received from a telephone set 22 and transmits the 
IP packet through the WAN interface 14, and furthermore, 
converts the IP packet received through the WAN interface 14 
into a voice signal or a control signal and supplies the same 
signal to the telephone set 22. 
2. Data Structure according to Example 
[0020] Next, various data to be used in the example will be 
described with reference to FIG. 2. In FIG. 2, 30 denotes a 
system counter which serves to store a current time SC to be 
updated successively. 32 denotes an interface bandwidth lim 
iting register which serves to store interface bandwidth lim 
iting timed at a IRL. Description will be given to the limiting 
time data IRL. The communication bandwidth of data which 
can be transmitted to the internet 26 through the WAN inter 
face 14 by the router device 100, that is, the transmission 
speed of the data is limited. The limitation (interface allow 
able bandwidth) will be referred to as an “Ls bit per second”. 
If the transmission of the IP packet having “P bits” is just 
started at a certain time t1, a time to be maintained for the IP 
packet is “P/Ls”. Accordingly, another IP packet cannot be 
transmitted from the WAN interface 14 in principle until the 
current time SC reaches “t2?1+P/Ls”. The limiting time data 
IRL are data corresponding to the time t2. 34 denotes a packet 
buffer region in which the substance of an IP packet supplied 
through the WAN interface 14 or the VoIP adaptor 16 is 
stored. 
[0021] Next, 40-m (m:l, 2, . . . , n) is a class region which 
is maintained for each class of the IP packet to be transmitted. 
The “class” is obtained by classifying the IP packet corre 
sponding to the uses of the packet (for example, for VoIP, an 
SMTP service and an HTTP service) or the local IP address of 
a device to be a transmitting source (the VoIP adaptor 16, a 
server and a client computer). 42-m is a bandwidth limiting 
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register in the class region 40—m Which serves to store class 
bandwidth limiting time data RL-m. As described above, a 
communication bandWidth is limited for each class in the 
same manner as the limitation of the communication band 
Width for the Whole router device 100. If a limitation (class 
alloWable bandWidth) for the class In is set to be “Lcm bit per 
second” and the transmission of the IP packet having “P bits” 
of the class In is started at the time t1, another IP packet of the 
class cannot be transmitted until the current time SC reaches 
“t3?1+P/Lcm”. The limiting time data RL-m are data cor 
responding to the time t3. 
[0022] 44—m denotes a bandWidth guarantee register Which 
serves to store class bandWidth guarantee timed at a RG-m. In 
some cases, a communication bandWidth is guaranteed at a 
minimum to some degree depending on the type of the class. 
For example, a telephone communication through the VoIP 
corresponds thereto. While a UDP/IP protocol is employed in 
the VoIP, the retransmission control of a packet is not carried 
out in the same protocol. In the case in Which an IP packet for 
certain voice data is to be transmitted at a certain time, accord 
ingly, the voice data do not reach the other party When the IP 
packet cannot be transmitted. Thus, there is a problem in that 
quality of a communication is remarkably deteriorated When 
a situation in Which the IP packet cannot be transmitted at all 
is brought in the VoIP. For this reason, it is desirable that the 
communication bandWidth should be guaranteed at a mini 
mum to some degree. If a bandWidth (a class guarantee band 
Width) guaranteed for the class In is represented as “Gcm bit 
per second” and the transmission of the IP packet of the “P 
bit” for the class In is started at the time t1, a time at Which the 
IP packet for the class In is to be transmitted next is to be 
“t4?1+P/Gcm” at latest. The guarantee time data RG-m 
correspond to the time t4. 
[0023] 46-m denotes a packet queue region serving to store 
a list in Which the pointer of an IP packet belonging to the 
class In in the IP packet stored in the packet buffer region 34 
is set to be an element. In the list, each element is linked in 
order of the receiving time of a corresponding IP packet 
(Which is equal to the order of a transmission). The list Will be 
referred to as a “packet queue QUEUE-m”. 48-m denotes a 
transmission Wait ?ag region in Which a transmission Wait 
?ag FL-m is stored. The transmission Wait ?ag FL-m is set to 
be “1” When the packet queue QUEUE-m includes at least 
one element and is set to be “0” When the packet queue 
QUEUE-m is empty. 
3. Operation according to Example 

3.1. IP Packet Receipt Processing 

[0024] Next, the operation according to the example Will be 
described. 
[0025] When an IP packet to be transmitted from the WAN 
interface 14 through the LAN interface 12 or the VoIP adaptor 
16 is received, an IP packet receiving routine shoWn in FIG. 3 
is started. When a processing proceeds to Step SP10 in FIG. 
3, the substance of the received IP packet is stored in the 
packet buffer region 34. When the processing proceeds to 
Step SP11, next, the IP packet is classi?ed into any class 
corresponding to a local IP address to be the transmission 
source of the IP packet or an upper protocol (TCP or UDP) of 
the IP protocol. Herein, the number of a class to be a classi 
fying destination Will be referred to as “m”. 
[0026] When the processing proceeds to Step SP12, then, a 
neW element having the pointer of an IP packet received 
earlier to be contents is added to the end of the packet queue 
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QUEUE-m of the class m. When the processing proceeds to 
Step SP14, subsequently, it is decided Whether the transmis 
sion Wait ?ag FL-m is “0” or not (Whether the packet queue 
QUEUE-m is empty or not till a time immediately before the 
Step SP12) . When a decision of “YES” is obtained, the 
processing proceeds to Step SP16 in Which the transmission 
Wait ?ag FL-m is changed to “1”. The reason is that the neW 
element is added in the Step SP12 and the packet queue 
QUEUE-m is therefore prevented from being empty. When 
the processing proceeds to Step SP18, thereafter, it is decided 
Whether the current time SC exceeds the guarantee time data 
RG-m or not. When the decision of “YES” is obtained, the 
processing proceeds to Step SP20 in Which the guarantee time 
data RG-m are changed to the current time SC. When a 
decision of “NO” is obtained at the Step SP14 or SP18, the 
processing of the routine is ended immediately. 
[0027] Description Will be given to the reason Why the 
guarantee time data RG-m are changed to the current time SC 
at the Step SP20. The guarantee time data RG-m have a value 
determined to maintain a class guarantee bandWidth Gcm of 
the class m. In the case in Which an IP packet to be transmitted 
is not originally present, the class guarantee bandWidth Gcm 
cannot be maintained and does not need to be maintained. In 
a processing Which Will be described beloW, moreover, “an 
abnormal situation in Which a bandWidth to be guaranteed for 
the class In is not maintained” is regarded to be brought When 
the guarantee time data RG-m are less than the current time 
SC. Also in the case in Which the interface alloWable band 
Width Ls is exceeded temporarily, the IP packet of the class In 
is transmitted particularly preferentially. In the case in Which 
a difference betWeen the guarantee time data RG-m and the 
current time SC is great, particularly, a situation in Which the 
IP packet of the class In is transmitted repetitively and pref 
erentially is brought. HoWever, the case in Which the Step 
SP18 is executed is restricted to the case in Which an element 
is not originally present in the packet queue QUEUE-m of the 
class m. For this reason, it is not necessary to transmit the IP 
packet of the class In very preferentially. Therefore, the guar 
antee time data RG-m are set to be the current time SC. 

3.2. Transmitting Schedule Interruption Processing 

[0028] In the CPU 2, an interruption, that is, “a transmitting 
schedule interruption” is generated every predetermined 
time. When the interruption is generated, a transmitting 
schedule interruption processing routine shoWn in FIG. 4 is 
started. When the processing proceeds to Step SP30 in the 
draWing, at least one class having a transmission Wait ?ag 
FL-x of“1” is retrieved from all of classes x (x:1, 2, . . . , n) 

and a class having minimum guarantee time data RG-x is 
retrieved therefrom. When the processing proceeds to Step 
SP32, next, the number of the class thus retrieved is stored in 
a variable m. When the processing proceeds to Step SP34, 
then, it is decided Whether the guarantee time data RG-m of 
the class m are less than the current time SC or not. 
3.2.1. The Case in Which the Guarantee Bands of All Classes 
are Maintained 

[0029] When a decision of “NO” is obtained at the Step 
SP34, the processing proceeds to Step SP36. At the Step 
SP34, it is decided Whether or not the condition of “RG 
m<SC” is satis?ed for RG-m to be the minimum guarantee 
time data. In the case in Which the decision of “NO” is 
obtained, therefore, “RG—x<SC” is established for all of the 
classes x from Which the IP packet is to be transmitted. Under 
the existing circumstances, the guarantee bands of all the 
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classes are exactly maintained. At the Step SP36, it is decided 
Whether the interface bandwidth limiting time data IRL are 
less than the current time SC or not. When the IP packet is 
transmitted if the limiting time data IRL are less than the 
current time SC, the IP packet is transmitted in such a state as 
to exceed the allowable bandWidth of the Whole WAN inter 
face 14. When the decision of “NO” is obtained, therefore, the 
processing of the routine is ended immediately. 
[0030] On the other hand, if the decision of “YES” is 
obtained at the Step SP36, the processing proceeds to Step 
SP38 in Which a set of class numbers having the transmission 
Wait ?ag FL-x of “l” is sorted in the ascending order of the 
guarantee time data RG-x. When the processing proceeds to 
Step SP40, next, the result of the sorting is stored as a list LS 
in the RAM 6. When the processing proceeds to Step SP42, 
then, a class number to be an element on the head of the list LS 
is stored in the variable In and the element on the head is 
deleted from the list LS. When the processing proceeds to 
Step SP44, thereafter, it is decided Whether the limiting time 
data RL-m of the class m are less than the current time SC or 
not. If the limiting time data RL-m are less than the current 
time SC, the alloWable bandWidth of the class In is exceeded 
When the IP packet belonging to the class In is transmitted. 
For this reason, the IP packet cannot be transmitted. In such a 
case, the decision of “NO” is obtained at the Step S44 and the 
processing proceeds to Step SP46. 
[0031] At the Step SP46, it is decided Whether the list LS is 
empty or not. If the decision of “NO” is obtained, the pro 
cessing returns to the Step SP42 in Which the element on the 
head of the list LS is deleted from the list LS again and the 
class number to be the element thus deleted is stored in the 
variable m. Subsequently, the processings of the Steps SP42 
and SP44 are repeated for the residual elements of the list LS 
until the decision of “YES” is obtained at the Step SP44. The 
decision of the Step SP44 is executed for all of the elements of 
the list LS. When the ?nal result of the decision is “NO”, the 
list LS should have been empty at this time. Therefore, the 
decision of “YES” is obtained at the Step SP46 and the 
processing of the routine is ended. In such a case, although a 
transmitted data volume is controlled Within the range of an 
alloWable bandWidth in the Whole WAN interface 14 (the 
decision of “YES” has been obtained at the Step SP36), a data 
volume cannot be controlled Within the alloWable bandWidth 
of each class as seen for each class. After all, an IP packet 
Which can be transmitted is not present. Accordingly, the 
processing is ended in a state in Which the transmission pro 
cessing of the IP packet is not carried out. 
[0032] On the other hand, When the condition of “RL 
m<SC” is satis?ed for any of the classes In in the middle of the 
execution of the loop of the Steps SP42 to SP46, the decision 
of “YES” is obtained at the Step SP44 and the processing 
proceeds to Step SP48. The transmission of an IP packet 
speci?ed by an element (pointer) on the head of the packet 
queue QUEUE-m is started and the element on the head of 
the packet queue QUEUE-m is also deleted. In the routine, 
When the transmission of the IP packet is started at the Step 
SP48, the processing proceeds to Step SP50 also in a state in 
Which the transmission of all bits in the IP packet has not been 
completed. 
[0033] At the Step SP50, the interface bandWidth limiting 
time data IRL, the class bandWidth limiting time data RL-m 
and the class bandWidth guarantee time data RG-m are recal 
culated and the results of the recalculation are stored in the 
corresponding registers 32, 42-m and 44-m. An equation for 
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a speci?c recalculation at the Step SP50 Will be described 
beloW. When the processing proceeds to Step SP52, next, it is 
decided Whether the packet queue QUEUE-m is empty or 
not. When the decision of “YES” is obtained, the processing 
proceeds to Step SP54 in Which the transmission Wait ?ag 
FL-m is set to be “0”. Consequently, the processing of the 
routine is ended. Even if the processing of the routine is 
ended, the transmission of the IP packet has not been com 
pleted. In the WAN interface 14, therefore, the contents of the 
IP packet are gradually output to the internet 26 through the 
modem 24. When the transmission of the IP packet is com 
pletely ended, then, the substance of the IP packet is deleted 
in the packet buffer region 34. 
3.2.2. The Case in Which There is a Class having No Guar 
antee BandWidth Maintained 
[0034] Next, description Will be given to a processing to be 
carried out in the case in Which the decision of “YES” is 
obtained at the Step SP34, that is, the condition of “RG 
m<SC” is satis?ed. The satisfaction of the condition of “RG 
m<SC” exactly implies that a guarantee bandWidth is not 
maintained for at least the class m. The processings of the 
Steps SP48 to SP54 are immediately executed for the class In 
and the IP packet related to the class In is transmitted. In this 
case, it is not decided Whether the current time SC exceeds the 
limiting time data IRL or not as in the Step SP36. 
[0035] Although the current time SC is less than the limit 
ing time data IRL, accordingly, there is a possibility that a 
processing of transmitting the IP packet might be carried out. 
In such a case, the bandWidth of the IP packet may tempo 
rarily exceed the interface alloWable bandWidth Ls. HoWever, 
the interface alloWable bandWidth Ls has a value to be obeyed 
as a mean value and may have a greater bandWidth on a peak 
basis in many cases. In the example, therefore, When a situ 
ation in Which a guarantee bandWidth is not maintained is 
brought in any class, the IP packet of the same class is imme 
diately sent even if the interface alloWable bandWidth Ls is 
exceeded temporarily. 

3.2.3 Recalculation of IRL, RL-m and RG-m (SP50) 

[0036] Referring to FIGS. 5(a) to 5(c), next, description 
Will be given to a method of recalculating the limiting time 
data IRL and RL-m and the guarantee time data RG-m at the 
Step SP50. In these draWings, the value of each time data is 
represented by a position on a time axis, and “0” is added after 
the name of each time data before the execution of the update 
at the Step SP50 and “l” is added after the name of each time 
data after the update. 
[0037] In FIG. 5(a), an update value IRL1 of the interface 
bandWidth limiting time data IRL is calculated by the folloW 
ing equation (1). 

IRLlIl'nélX (IRLO, SC)+P/Ls (1) 

[0038] In the equation (1), P represents a data volume (bit) 
of a packet Which is transmitted and Ls represents an interface 
alloWable bandWidth (bit per second). 
[0039] In a normal transmission state (the case in Which the 
processings after the Step S36 are executed), the IP packet is 
sent With the condition of “IRL<SC” alWays satis?ed. There 
fore, the limiting time data IRL1 after the update are to be 
determined based on the packet data volume P and the inter 
face alloWable bandWidth Ls by setting the current time SC 
(Which is equal to a packet transmitting start time) to be a 
reference. In the case in Which the decision of “YES” is 
obtained at the Step SP34 and the Step SP48 is immediately 
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executed, however, it is also possible to suppose the case in 
which the IP packet is sent in the state of “IRL>SC” and the 
transmitting bandwidth of the WAN interface 14 exceeds the 
interface allowable bandwidth Ls on a peak basis. In such a 
case, it is necessary to obey the allowable bandwidth Ls as a 
mean value. Therefore, the limiting time data IRL1 after the 
update are to be determined on the basis of the limiting timed 
at a IRLO before the update. In the example, accordingly, the 
update value IRL1 of the limiting time data is determined 
based on “max (IRLO, SC)”. 
[0040] In FIG. 5(b), next, an update value RL-ml of the 
class bandwidth limiting time data RL-m is calculated in the 
following equation (2). 

RL-ml :SC+P/Lcm (2) 

[0041] In the equation (2), Lcm represents an allowable 
bandwidth (bit per second) of the class m. The IP packet of the 
class In is transmitted only when the limiting time data RL-m 
are less than the current time SC (see the Step SP44). There 
fore, a timing which can be a reference for the determination 
of the limiting time data RL-ml is only the current time SC 
and it is not necessary to consider limiting time data RL-mO 
before the update. 
[0042] In FIG. 5(c), subsequently, an update value RG-ml 
of the guarantee time data RG-m is calculated in the follow 
ing equation (3). 

[0043] In the equation (3), Gcm represents a guarantee 
bandwidth (bit per second) of the class m. The IP packet of the 
class In is usually output in a situation in which “RG 
m0>SC” is set. In such a case, when the next guarantee time 
data RG-ml are determined on the basis of the current time 

SC, therefore, a communication bandwidth having a class 
guarantee bandwidth Gcm or more as a whole can be main 

tained for the class m. If the IP packet is transmitted in a state 
in which “RG—m0<SC” is set (a state in which the decision of 
“YES” is obtained at the Step SP34), however, the class 
guarantee bandwidth Gcm is not maintained for a short period 
at that time. In such a case, therefore, the update value 
RG-ml is to be determined on the basis of the guarantee time 
data RG-mO before the update in order to maintain the class 
guarantee bandwidth Gcm as a mean value. In the example, 
accordingly, the update value RG-ml of the guarantee time 
data is determined on the basis of “min (RG-mO, SC).” 

4. Variant 

[0044] The invention is not restricted to the example 
described above but various changes can be made in the 
following manner, for example. 
[0045] (1) While the bandwidth limitation and guarantee 
processings have been executed in accordance with the pro 
gram to be operated on the CPU2 in the example, an equiva 
lent processing to these processings may be executed in hard 
ware. 

[0046] (2) While the bandwidth limitation and guarantee 
processings have been executed in accordance with the pro 
gram to be operated on the CPU 2 in the example, only these 
programs can be stored in a recording medium such as a 
CD-ROM or a ?exible disk and can be distributed or can also 

be distributed through a transmission path. 
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1. A bandwidth control device for limiting and guarantee 
ing a bandwidth for each of classes when transmitting a 
packet belonging to any of the classes to a communication 
network, comprising: 

a ?rst register for storing an interface limiting time to be the 
earliest time at which a packet can be subsequently 
transmitted from a transmitting device for transmitting a 
packet to the communication network in order to control 
a communication bandwidth of the transmitting device 
to be equal to or smaller than an allowable bandwidth 
permitted for the transmitting device; 

a second register provided for each of the classes and 
serving to store a class limiting time to be the earliest 
time at which a packet of a corresponding class can be 
subsequently transmitted in order to control a commu 
nication bandwidth of the class to be equal to or smaller 
than an allowable bandwidth of the class; 

a third register provided for each of the classes and serving 
to store a class guarantee time to be a ?nal time at which 
a packet of a corresponding class is to be subsequently 
transmitted in order to give the class a communication 
bandwidth which is equal to or greater than a guarantee 
bandwidth of the class; 

a class determining unit for determining, as a transmitting 
object class, a class from which a packet is to be trans 
mitted based on the class limiting time and the class 
guarantee time in each of the classes; 

a transmitter for transmitting a packet belonging to the 
transmitting object class; and 

a calculator for recalculating the interface limiting time, 
the class limiting time of the transmitting object class, 
and the class guarantee time of the transmitting object 
class based on a data volume of the packet belonging to 
the transmitting object class and storing results of the 
recalculation in the ?rst to third registers. 

2. The bandwidth control device according to claim 1, 
wherein 

the class determining unit determines, as the transmitting 
object class, any of the classes having the class guarantee 
time delayed from a current time which is detected irre 
spective of the interface limiting time when the same 
class is detected, and 

when there is no class in which the class guarantee time is 
delayed from the current time, the class determining unit 
determines, as the transmitting object class, any of the 
classes having the earliest class guarantee time from the 
classes which have packets to be transmitted and in 
which the current time does not reach the class limiting 
time on a condition that the current time exceeds the 
interface limiting time. 

3. A computer readable recording medium storing a band 
width control program to be executed by a processing device 
in order to limit and guarantee a bandwidth for each of classes 
when transmitting a packet belonging to any of the classes to 
a communication network, the program causing the process 
ing device to execute: 

a ?rst reading step of reading, from a ?rst register, an 
interface limiting time to be the earliest time at which a 
packet can be subsequently transmitted from a transmit 
ting device for transmitting a packet to the communica 
tion network in order to control a communication band 
width of the transmitting device to be equal to or smaller 
than an allowable bandwidth permitted for the transmit 
ting device; 
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a second reading step of reading a class limiting time to be 
the earliest time at Which a packet of a corresponding 
class can be subsequently transmitted from a second 
register provided for each of the classes in order to 
control a communication bandWidth of the class to be 
equal to or smaller than an alloWable bandWidth of the 

class; 
a third reading step of reading a class guarantee time to be 

a ?nal time at Which a packet of a corresponding class is 
to be subsequently transmitted from a third register pro 
vided for each of the classes in order to give the class a 
communication bandWidth Which is equal to or greater 
than a guarantee bandWidth of the class; 

a class determining step of determining, as a transmitting 
object class, a class from Which a packet is to be trans 
mitted based on the class limiting time and the class 
guarantee time in each of the classes; 

a transmitting step of transmitting a packet belonging to the 
transmitting object class; and 

a recalculating step of recalculating the interface limiting 
time, the class limiting time of the transmitting object 
class and the class guarantee time of the transmitting 
object class based on a data volume of the packet belong 
ing to the transmitting object class and storing results of 
the recalculation in the ?rst to third registers. 

4. The program according to claim 3, Wherein 
the class determining step determines, as the transmitting 

object class, any of the classes having the class guarantee 
time delayed from a current time Which is detected irre 
spective of the interface limiting time When the same 
class is detected, and, 

When there is no class in Which the class guarantee time is 
delayed from the current time, the class determining step 
determines, as the transmitting object class, any of the 
classes having the earliest class guarantee time from the 
classes Which have packets to be transmitted and in 
Which the current time does not reach the class limiting 
time on a condition that the current time exceeds the 
interface limiting time. 

5. A method of controlling a bandWidth control device 
Which limits and guarantees a bandWidth for each of classes 
When transmitting a packet belonging to any of the classes to 
a communication netWork, the method comprising: 

reading, from a ?rst register, an interface limiting time to be 
the earliest time at Which a packet can be subsequently 
transmitted from a transmitting device for transmitting a 
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packet to the communication netWork in order to control 
a communication bandWidth of the transmitting device 
to be equal to or smaller than an alloWable bandWidth 

permitted for the transmitting device; 
reading a class limiting time to be the earliest time at Which 

a packet of a corresponding class can be subsequently 
transmitted from a second register provided for each of 
the classes in order to control a communication band 
Width of the class to be equal to or smaller than an 
alloWable bandWidth of the class; 

reading a class guarantee time to be a ?nal time at Which a 
packet of a corresponding class is to be subsequently 
transmitted from a third register provided for each of the 
classes in order to give the class a communication band 
Width Which is equal to or greater than a guarantee 
bandWidth of the class; 

determining, as a transmitting object class, a class from 
Which a packet is to be transmitted based on the class 
limiting time and the class guarantee time in each of the 
classes; 

transmitting a packet belonging to the transmitting object 
class; and 

recalculating the interface limiting time, the class limiting 
time of the transmitting object class and the class guar 
antee time of the transmitting object class based on a 
data volume of the packet belonging to the transmitting 
object class and storing results of the recalculation in the 
?rst to third registers. 

6. The method according to claim 4, Wherein 

the class determining step determines, as the transmitting 
object class, any of the classes having the class guarantee 
time delayed from a current time Which is detected irre 
spective of the interface limiting time When the same 
class is detected, and, 

When there is no class in Which the class guarantee time is 
delayed from the current time, the class determining step 
determines, as the transmitting object class, any of the 
classes having the earliest class guarantee time from the 
classes Which have packets to be transmitted and in 
Which the current time does not reach the class limiting 
time on a condition that the current time exceeds the 
interface limiting time. 

* * * * * 


